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VARIABLE RESISTOR, INDUCTOR OR CAPACITOR 

This invention relates to electrical components. 

5 More particularly, the invention relates to electrical components which have 

variable characteristics. 

Australian Patent No. 652385 discloses a flexible switch construction. The 
invention herein concerns improvements in the switch construction described in that 
10 specification in order to permit construction of a variable resistance element, a variable 
capacitance element or a variable inductance element. The principles of the invention 
also permit construction of miniaturised variable components. 

According to the present invention there is provided a flexible variable resistor 
15 comprising an outer flexible element, an inner flexible element, means for mounting the 
inner flexible element in tension within the outer flexible element, the arrangement being 
such that, when said elements are deflected, points of contact therebetween will vary as 
deflection varies characterised in that at least one of the outer and inner flexible clement 
includes resistive material whereby the electrical resistance between said elements varies 
20 with deflection thereof. 

The invention also provides a data glove which includes sensing elements 
mounted in one or more fingers of the glove in order to provide positional data 
characterised in that the sensing elements comprise flexible variable components 
25 described above. 

The invention will now be further described with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic view of a variable resistor constructed in accordance with 
30 the invention; 

Figure 2 shows the variable resistor bent about a body; 

Figure 3 shows the variable resistor having one end fixed and bent into U- 
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shapes; 

Figure 4 is a more detailed side view of a variable resistor of the invention; 
Figure 5 shows in more detail forming a centre connection of a variable resistor 
of the invention; 

5 Figure 6 schematically illustrates the way in which the variable resistor functions; 

Figure 7 is a fragmentary sectional view through a variable resistor of the 
invention; 

Figure 8 is a schematic circuit representation of a variable resistor of the 
invention; 

10 Figure 9 is a schematic circuit representation of a modified form of resistor of 

the invention; 

Figure 10 is a schematic circuit representation of a modified variable resistor of 
the invention; 

Figure 11 shows a half-bridge circuit incorporating a variable resistor of the 
15 invention; 

Figure 12 shows the use of a flexible variable resistor in a data glove; 
Figure 13 shows the manner in which the variable resistor functions in the data 

glove; 

Figure 14 is a fragmentary cross-section through a variable inductance 
20 constructed in accordance with the invention; 

Figure IS is a fragmentary cross-sectional view through a variable capacitance 
constructed in accordance with the invention; 

Figure 16 shows a variable frequency oscillator utilising a variable inductance 
of the invention; 

25 Figure 17 shows a variable frequency oscillator utilising a variable capacitance 

of the invention; 

Figure 18 is a block diagram showing a variable pulse circuit or variable voltage 
circuit constructed in accordance with the invention; 

Figure 19 is a circuit realisation for the arrangement shown in Figure 18; 
30 Figure 20 is a side view of a modified form of variable resistor of the invention; 

Figure 21 is a fragmentary view of the arrangement shown in Figure 20; 
Figure 22 is a schematic circuit realisation of the device shown in Figures 20 and 
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21; and 

Figure 23 shows a variable resistance device having a protective sheath thereon. 



Figure 1 diagrammatically illustrates a variable electrical component 2 of the 
5 invention. It comprises a flexible inner element 4 and a flexible outer element 6. 
Terminals 8 and 10 are provided at the respective ends of the inner element 4. 
Terminals 12 and 14 are provided at the respective ends of the outer element 6 for 
making electrical contact therewith. 

10 Figure 4 shows more detail of this configuration. It will be seen that the outer 

component 6 takes the form of a spring, a first portion 16 of which is in the form of a 
tension spring and the second portion 18 of which is in the form of a compression 
spring. The inner element 4 is mechanically coupled to one end of the tension portion 
16 by means of an insulating clamping member 20. The other end of the inner element 

15 4 is connected to the free end of the compression spring portion 18 by means of an 
insulating clamping component 22. As in the switch configuration shown in Australian 
Patent No. 652,385, the central element 4 is held in tension because of the compression 
spring portion 18 of the outer component. The active part of the component can be 
regarded as that which is co-terminus with the length of the tension spring portion 16. 

20 When the variable component of the invention is bent, its electrical properties alter as 
will be described below. Figure 1 diagrammatically illustrates an arrangement in which 
the component is bent about its centre. Figure 2 shows an arrangement in which the 
component 2 is bent about a cylindrical object 24. Figure 3 shows an alternative 
arrangement in which one of the ends of the component 2 is fixed and the component 

25 is bent so as to have a generally U-shaped portion 26. All of these variations (and 
others) will result in varying the resistance of the component. 

In the rest condition of the component 2 of the invention, that is to say when it 
is straight, there is a gap 26 between the core element 4 and outer element 6. When, 
30 however, the component 2 is subjected to bending as diagrammatically illustrated in 
Figures 1, 2 or 3, the outer element 6 will bend with a different radius of curvature to 
the core element 4 and these elements will contact one another, as diagrammatically 
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illustrated in Figure 6. In this arrangement, there is a central region 28 where there is 
generally continuous contact between the elements 4 and 6. At the ends of the 
component there are end portions 30 and 32 where there is no contact between the 
elements 4 and 6. The portions 30 and 32 effectively define two separate variable 
5 resistance components. For the portion 30, the terminals 8 and 12 can be used to sense 
the resistance of that part of the element 4 between the terminal 8 and the point 34 of 
contact with the outer element 6. Similarly, for the component portion 32, the terminals 
10 and 14 can be used to determine the resistance of the element 4 from the terminal 
10 to the point of contact 36 of the element 4 with the outer element 6. 

10 

It will be appreciated that as the bending of the component 2 changes, the points 
of contact 34 and 36 vary and accordingly the resistance sensed between the terminals 
8 and 12 and the terminals 10 and 14 varies. As will be appreciated by those skilled 
in the art, these variable resistances can be applied in a multiplicity of different circuit 

15 arrangements. In the arrangement of Figures 1 to 4, the element 4 is insulated from the 
element 6 when straight. Thus it is effectively an open circuit element like an open 
switch. When bending first takes place electrical contact is made and it can be regarded 
as switching into circuit a resistance. As bending increases, the effective value of the 
resistance decreases. The component 2 thus can be considered to exhibit combined 

20 switching and variable resistance characteristics. 

Figure 7 illustrates in more detail a preferred embodiment of the variable resistor 
of the invention. The inner element 4 comprises a core 38 such as a seven strand 304 
stainless steel cable 0.35mm outer diameter with a nylon outer sheath 40 which is 
0.15mm in thickness. The cable and sheath being 0.55mm in diameter. A resistive coil 
42 is wire wound or wire wrapped over the nylon sheath 40 which acts as a former to 
maintain each turn of the coil 42 separate from adjacent turns. The outer flexible 
element 6 is preferably formed from 304 stainless steel wire 038mm in diameter. The 
element 6 preferably has a 2.58mm outer diameter, 2.2mm inner diameter and is 48mm 
in length. In the illustrated arrangement, the outer surface of the sheath 40 is provided 
with a helical groove 44 which acts as a former for the turns of the coil 42. 
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In the preferred form of the invention, the groove 44 can be formed during the 
winding process of the coil 42. In this arrangement, the sheath 40 is initially smooth 
on its outer surface and together with the core 38 is held in tension between two rotating 
centres (somewhat similar to a lathe). The resistive wire which forms the coil 42 is then 
5 wound at a control feed rate along the rotating sheathed cable. A small electric current 
is applied to the resistive wire by means of contact wipers that contact the last few turns 
which have been applied to the sheath 40. Another contact engages the resistive wire 
that is about to be applied to the sheath 40. The contacts are mounted on a travelling 
carriage which determines the longitudinal feed rate of the winding of the wire on the 

10 sheath. The electric current which flows in the wire causes momentary heating of the 
wire 42 and the amount of current is adjusted so that the heat is sufficient to locally 
melt the outer surface of the sheath 40 so as to form the helical groove 44. In this way, 
the coil 42 is very securely affixed to the sheath 40 and is normally insulated from the 
stainless steel core 387 The resistance of this device typically varies between 100 and 

IS 300 ohms generally proportionately to the amount of bending of the component. 

Figure 5 schematically illustrates a modified form of the variable resistor 50 
constructed in accordance with the invention. In this arrangement, the metallic core 38 
forms part of the electrical connection to the coil 42. An uninsulated gap 52 is provided 

20 in the sheath 40 so that a number of turns 54 can be wound directly on the cable 38. 
A good electrical connection can be established by means of a solder joint 56. In this 
arrangement, the nickel chrome resistive wire which makes up the coil 42 can be 
continuous even though there are separate segments of the coil 42 on either side of the 
uninsulated gap 52. In one arrangement, the uninsulated gap 52 may be provided at the 

25 centre of the device 50. In this case, it may be desirable to arrange for the direction of 
winding of the coil on either side to be in opposite senses so as to eliminate inductance. 
In other arrangements, the uninsulated gap may be provided at either end of the device. 

The arrangement shown in Figure 5 has the advantage that a robust electrical 
30 connection can be made through the cable 38, that is to say the terminals 8 and 10 can 
be connected to the ends of the cable 38. This avoids the need for the relatively fine 
resistance wire forming the coil 42 to form part of the terminations. The ends of the 
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coil 42 can simply be glued or heat shrink sleaved to the sleave 40 in order to fix their 
positions. Figure 9 is a diagrammatic circuit representation of a centre terminated 
resistive component 50. It will be seen in this representation that the cable 38 is 
coupled to the terminals 8 and 10. 

5 

In a further modified form of the invention, a plurality of separately insulated 
cables 38 can be provided and a number of different resistance coils 42 can be wound 
about the group of cables 38. Each of the individual coils can be soldered to the 
10 respective cables. In this way, a composite device can be made which has a plurality 
of variable resistors therein which can be separately sensed. Figure 10 is a 
diagrammatic circuit representation of a centre terminated resistive component 60 which 
has dual axially extending cables 38 and 39 soldered to respective coil segments 42 and 
"43 by solder joints 56 and 57. 

15 

The variable component 60 thus provides dual potentiometers, each of which has 
terminals 8 and 12 and 10 and 14 which, at the ends of the component 60, do not 
contact the coils 42 and 43. 

20 Figure 11 diagrammatical I y illustrates a sensing circuit 62 incorporating a 

variable resistance device 2 of the invention. It will be seen that the device 2 is 
connected in series with a known resistor 64 to form a simple resistive bridge. An input 
voltage V k is applied between input terminals 66 and 68. An output voltage is 
sensed at the node 70 between the resistors 2 and 64. As the component 2 of the 

25 invention is progressively flexed or bent, its resistance will gradually increase and so the 
output voltage V out will increase by a proportionate amount. It will be appreciated by 
those skilled in the art that the sensing circuit 62 of the invention can be used in a 
multiplicity of applications where it is necessary to sense deflection, displacement or 
forces applied to a component. 

30 

It will be appreciated that a second bridge circuit can be provided for monitoring 
the change in resistance between the terminals 10 and 14 of the component 2 if required. 



WO 96/27891 PCT/AU96/00118 

-7- 

It will be appreciated of course that the variable resistance components 50 and 
60 shown in Figures 9 and 10 can readily be incorporated into a sensing circuit similar 
to that shown in Figure 11. 



5 Figures 12 and 13 diagrammatically illustrate the use of a variable resistance 

component 50 in a data glove which can be used for providing positional information, 
such as the fingers on a hand for input to a virtual reality system. In this arrangement, 
the data glove 72 is provided with a number of fingers 74, each of which has fastened 
thereto a variable resistance component 2 of the invention. As can be appreciated from 
10 Figure 12, the degree of flexure of the finger will alter the resistance of the component 
of the invention and this can be sensed using a sensing circuit 62 similar to that shown 
in Figure 11. 

Figure 13 illustrates schematically an improved arrangement where a variable 
15 resistance component 60 having two separately accessible sections is provided. Each 
of these is associated with the distal and inner parts of the finger as shown by the 
broken lines thereby providing more information about the relative positions of the 
various parts of the finger. 

20 It will be appreciated of course that the variable resistance devices of the 

invention can be used to provide positional data for other parts of a human body. Of 
course the same techniques can be used to provide positional data for any form of 
animated object having relatively movable parts. 

25 It will be further appreciated that the inner element 4 of the invention can be 

constructed in a number of different ways. For instance, it may in some circumstances 
be desirable to form a flexible conductive body which comprises a resilient plastics 
material such as PTFE, polypropylene or the like in which is dispersed minute particles 
of conductive material. Material of this sort behaves as a resistive component which is 

30 inherently flexible. 



The invention also provides variable inductances and capacitances and sensing 
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circuits incorporating these components. 

Figure 14 diagrammatically illustrates a section through a preferred form of 
inductance 80 constructed in accordance with the invention. This structure is somewhat 
5 similar to that shown in Figures 4 and 7 and the same reference numerals are used to 
denote corresponding parts. In this arrangement, the inner element 4 comprises a 
flexible insulating body 82 which may comprise for instance a strand of nylon or the 
like. The coil 42 is wound about the core 82 and in this case, it is appropriate to use 
an insulated wire 84 to form the coil 42. It is preferred not to use resistive wire for 

10 forming the coil 42. The use of an insulated wire 84 is possible because the functioning 
of the variable inductors does not rely on electrical contact between the coil 42 and the 
outer element 6 as in the case of the resistance 2. The variable inductance 80 provides 
a variation in inductance due to the change in the relative proximity of the individual 
turns of the coil 42. The change in inductance can be sensed between the terminals 8 

IS and 10 connected to respective ends of the coil 42. In this case, the outer flexible 
spring 6 acts to physically support or hold the centre flexible inductive component 4 in 
tension and is not necessarily electrically active. 

The invention also provides a variable capacitance 90 as diagrammatically shown 
20 in Figure IS. This arrangement is somewhat similar to that illustrated in Figures 4 and 
7 and accordingly the same reference numerals have been used to denote parts which 
correspond to one another. In this arrangement, the coil 42 is eliminated and the 
insulating sheath 40 is made from a dielectric material such as nylon. In this example, 
the flexible cable 38 comprises a seven strand stainless steel cable having a nylon outer 
25 sheath 40 as a dielectric insulator. The diameter of the cable and coating is preferably 
about .5mm in diameter. The outer component 6 comprises a tension-compression 
spring which is preferably 2.5mm outside diameter and may have a length of say 48mm. 
A device of this example has a capacitance of the order of 10 picofarads when straight 
and when deflected the capacitance increases to the order of about 18 picofarads on full 
30 deflection. The capacitance can be increased by selecting materials for the sheath 40 
which have a higher dielectric value. 
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The variable capacitance arrangement 90 can operate as a variable capacitance 
device similar to that shown in Figure 6. Varying capacitance can be sensed between 
terminals 8 and 12 connected to the cable 38 and outer element 6 respectively. At the 
other end of the device 90 ( the variable capacitance can be sensed between the terminal 
5 10 which is connected to the cable 38 and to terminal 14 which is connected to the 
outer spring 6. 

It will be appreciated by those skilled in the art that the variable inductance 80 
and variable capacitance 90 can be coupled in various sensing circuits in order to 
10 provide electric signals which are responsive to deflection of the components 80 and 90. 

Figure 16 diagrammatically shows an example of sensing using a variable 
inductance 80 of the invention. In this arrangement, a variable frequency oscillator 100 
is provided. It comprises a well known Colpitts circuit in which a variable inductance 
15 80 forms part of a bridge circuit coupled to the gate of a transistor 102. A variable 
frequency output appears on output terminal 104, the frequency being dependent upon 
the degree of bending or flexure of the variable inductance 80 of the invention. 

It will be appreciated that a variable capacitance 90 of the invention can be 
20 utilised in the oscillator 100 to produce a variable frequency output. In this 
arrangement, it would be possible to use a variable capacitor 90 in place of the 
inductance 80 and replace the capacitor 106 with a fixed inductor, the terminal 14 being 
earthed. 

25 Figure 17 shows a variable frequency oscillator 120 constructed in accordance 

with the invention. This oscillator utilises a variable capacitor 90 coupled as part of an 
RC feedback network to a Schmidt trigger inverter amplifier 122. In this arrangement, 
as the variable capacitance component 90 of the invention is bent or deflected, its 
capacitance will increase, thereby altering the output frequency appearing on output 

30 terminals 124 and 126. 

Figure 18 shows a detection circuit 130 which utilises a variable capacitance 90 
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of the invention in order to produce a variable pulse width on output line 132 or a 
variable voltage level on output line 134. The circuit includes a square wave oscillator 
136, the output of which is connected to a bridge circuit which includes two RC arms, 
one of which includes the variable capacitor 90 of the invention. A level detect circuit 
5 137 is coupled to monitor the voltage on the capacitor 90 and its output *s coupled to 
the RESET input of a flip flop 138. Another level detecting circuit 140 monitors the 
voltage level on a reference capacitor 142 and its output is coupled to the SET input of 
the flip flop 138. The output of the flip flop 138 provides a variable pulse width on line 
132 which varies in accordance with the degree of bending or flexure of the variable 
10 capacitance 90. The flip flop output is filtered by means of an RC network 144 in order 
to provide a voltage on output line 134 which varies in accordance with the degree to 
which the capacitor 90 bends or deflects. 

Figure 19 shows a circuit realisation for the detecting circuit 130. The manner 
15 in which this circuit functions would be understood by persons skilled in the art and 
therefor need not be described in detail. 

The variable resistors which are described above in relation to Figures 1 to 9 can 
be considered as circuit elements which include a switching function as well as 

20 providing variable resistance. This is because when the components are not flexed, the 
resistive coil does not make electrical contact with any other components. Thus the 
device is essentially functionally equivalent to an open switch. When, however, 
deflection occurs, electrical contact is made between the wound coil 42 and the tubular 
conductor 6. This initial contact can, in some circumstances, be utilised as a switching 

25 function. As deflection continues, normally resistance will decrease at a rate which is 
proportional to the deflection of the component. 

Figures 20 to 22 diagrammatically illustrate an alternative embodiment of the 
invention which eliminates the switching function, that is to say the variable resistance 
30 device 140 of this embodiment does not have a switching function and will always 
exhibit some degree of resistance. In these drawings, the same reference numerals have 
been used to denote parts which correspond to those of previous embodiments, where 
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appropriate. 

In this embodiment, the variable resistance component 140 includes a mounting 
end 142. In this configuration, the terminal 10 is in the form of a tubular conductive 
5 pin which receives and is electrically connected to the end of the cable 38, as 
diagrammatically illustrated in Figure 21. Hie resistive coil 42 is wound on an 
insulating sheath 40 as in the case of Figure 7. At the free end 144 of the component, 
a conductive end disc 146 is mounted on the sheath 40. The end of the coil is soldered 
or electrically connected to the disc 146 by means of a solder joint 148. The disc 146 
10 includes a peripheral rebate ISO which receives and centres the end of the outer tubular 
coil 6. The clamping body 20 is fixed to the end of the cable 38 so that the 
compression spring portion 18 of the outer element 6 keeps the cable 38 in tension. 

When the component 140 is undetected, the full length of the resistive coil is 
15 electrically connected between the terminals 10 and 14. When, however, a deflective 
force is applied to the free end 144 of the component 140, it will deflect and a point of 
contact 152 between the coil 42 and the outer element 6 will be established, as 
diagrammatically illustrated in Figure 6. As deflection continues, the point of contact 
152 will move closer to the mounting end 142 of the component whereby its effective 
20 resistance value progressively decreases. 

Figure 23 diagrammatically illustrates the use of a protective outer sheath 160 
which preferably comprises an elastomer coating applied to the outer surface of the 
clement 6. The sheath 160 may cover the entire element so as to protect it from dirt, 
25 moisture and the like. In the illustrated arrangement, a rigid end cap 162 is provided 
so as to provide extra protection for the free end of the device which may come into 
contact with other components. Also, the cap 162 provides additional clearance for the 
compression spring portion 18 so as not to interfere with its ability to apply tensile 
forces to the inner element 4. 

30 

Many modifications will be apparent to those skilled in the art without departing 
from the spirit and scope of the invention. 
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CLAIMS: 

1. A flexible variable resistor comprising an outer flexible clement, an inner flexible 
element, means for mounting the inner flexible element in tension within the outer 
5 flexible element, the arrangement being such that, when said elements are deflected, 
points of contact therebetween will vary as deflection varies characterised in that at least 
one of the outer and inner flexible element includes resistive material whereby the 
electrical resistance between said elements varies with deflection thereof. 

10 2. A resistor as claimed in claim 1 wherein the inner flexible element includes a 
wound coil of resistance wire which contacts the inner surface of the outer flexible 
element on deflection of said elements. 

3. A resistor as claimed in claim 2 wherein said coil is wound on an insulating 
15 body. 

4. A resistor as claimed in claim 3 wherein said body comprises a sleeve of 
insulating material through which a strand of wire passes. 

20 5. A resistor as claimed in claim 4 wherein said means for mounting the flexible 
element includes clamping bodies which serve to clamp the ends of said strand of wire 
to the ends of the outer flexible component and wherein the outer flexible component 
includes a compression spring which thereby operates to maintain said strand under 
tension. 

25 

6. A circuit for detecting deflection of a flexible device comprising a bridge circuit 
wherein at least one arm of the bridge circuit includes said flexible device and wherein 
said device comprises a variable resistor as claimed in claim 1. 

30 7. A data input device for inputting positional data relating to an object to virtual 
reality apparatus, said device including a variable resistor as claimed in claim 1 and 
coupling means for coupling said variable resistor to said object. 
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8. A data input device as claimed in claim 7 wherein said object is a hand or other 
body part and said coupling means comprises a glove or other clothing adapted to be 
worn by a user of the virtual reality apparatus. 

5 9. A method of winding a coil comprising the steps of winding a coil of resistance 
wire on an insulating former, heating the wire during winding thereof so as to partially 
melt the former so as to form a helical groove in said former which serves to maintain 
separation of adjacent turns in said coil. 

10 10. A method as claimed in claim 9 including the steps of maintaining said coil in 
a state of tension within a flexible conductive outer component, the arrangement being 
such that on flexure of the outer component and coil, points of contact therebetween will 
vary. 

15 11. A flexible variable inductance comprising an outer flexible element, an inner 
flexible element, means for mounting the inner flexible element in tension within the 
outer flexible element, and terminal means for establishing electrical contact at 
respective ends of said inner flexible element, said inner flexible element including an 
elongate helically wound coil comprising a multiplicity of adjacent turns, the 

20 arrangement being such that when the outer and inner elements are caused to deflect the 
relative positions of said adjacent coils vary as a function of the degree of deflection 
whereby the inductance sensed between said terminal means varies with deflection of 
said elements. 

25 12. An inductance as claimed in claim 11 wherein said coil is wound from insulated 
wire. 

13. A variable frequency circuit including at least one LC network wherein the 
inductance therein comprises a variable inductance as claimed in claim 11. 

30 

14. A flexible variable capacitance comprising an outer flexible element, an inner 
flexible element, means for mounting the inner flexible element in tension within the 
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outcr flexible element, wherein the outer and inner elements are conductive and a 
dielectric insulator is located between said outer and inner elements, the arrangement 
being such that when said elements are deflected the relative positions of said elements 
varies as deflection varies whereby the capacitance between said elements varies with 
5 deflection of the elements. 

IS. A capacitance as claimed in claim 14 wherein said dielectric insulator comprises 
a sheath of flexible dielectric material surrounding said inner conductive element. 

10 16. A capacitance as claimed in claim IS including an annular air gap between the 
inner surface of the outer element and said sheath. 

17. A variable frequency circuit including at least one RC network wherein the 
capacitance therein comprises a variable capacitance as claimed in claim 14. 

15 

18. A circuit as claimed in claim 17 wherein said RC network is coupled as a 
feedback circuit of a Schmidt trigger inverter amplifier. 

19. A resistor as claimed in claim 1 including a said inner element is electrically 
20 insulated from said outer component except when contact occurs as a result of 

differential bending thereof. 

20. A resistor as claimed in claim 1 wherein one end of said inner element is 
electrically connected to said outer component. 

25 

21. A resistor as claimed in claim 20 wherein including a mounting end including 
first and second terminals the terminals first terminal being electrically connected to said 
outer element and the second terminal being electrically connected to the inner element 
remote from the mounting end. 

30 
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